Advances in the development of light microscopy have been very impressive over the last decade. However, even with modern confocal microscopes, may of us yearn for even better resolution, both spatially and temporally. The trick would be to maximize the information from each meaningful photon that emanated from your specimen. This is essentially what has recently been accomplished
The solution to the problem was largely a mathematical one. Carrington et al. developed an algorithmic framework to produce images of high resolution from fewer image planes, thereby optimizing resolution with minimal light.
Whereas many microscope/camera systems make a one-to-one correlation between a voxel (a pixel with three dimensions) in a ceil and a voxel in the acquired data, they rightly pointed out that a cell is a continuous object, rather than an accumulation of voxels. While the cell of interest was modeled as a continuous object, the acquired data was considered as a discrete-data model, meaning that it consists of a finite amount of data. This allowed them to construct an algorithm with flexible data sampling requirements. The cell did not need to be divided by rigid grids or sections. Each acquired pixel represents light from a considerable volume of the cell, and the sensitivity of the pixel to a point source depends on the location of the source. They then use mathematical techniques to reverse this modelling process and calculate an accurate estimate of the dye density in the cell of interest. Carrington et al. dealt with edge effects mathematically. An additional advantage to their approach was that they could restore the data on a finer grid than the sampling of the data. With camera pixels of 100 nm, they restored the data to a grid of 25 nm. This allowed the resolution of two point sources 100 nm apart in the same plane. Resolution of 400 nm could be obtained in the vertical axis; to improve on this would require more light, thus getting back to the disadvantages they wanted to avoid in the first place. The bottom line is that Carrington et al. were able to obtain images better than the theoretical limit of resolution that can be obtained with light. This phenomenon is termed superresolution. Furthermore, they did it with minimal light, avoiding the damage that stronger light causes with fluorescent molecules.
Using images from a conventional wide-field microscope restored with their algorithmic framework, Carrington et al. examined some biologic specimens.
They resolved individual microtubules only 112 nm apart, whereas an ideal confocal microscope with the same optics would require a separation of 420 nm.
The light from each stained microtubule was restored to 84 nm, only slightly larger than the diameter of a microtubule covered with primary and secondary antibodies. They also imaged a fixed smooth muscle cell in which too different types of receptors were tagged. The resulting observations suggested specific interactions between calcium ions and the receptors. Finally, they demonstrated that the algorithm can work to image living ceils by visualizing the movement of hexokinase in a cultured smooth muscle cell. The hexokinase was tagged with a fluorescent molecule, microinjected into the cell, and could be clearly visualized to be localized within mitochondria. Predictably, the hexokinase dissociated from trie mitochondria when the cell was poisoned and it could be displaced by 2-deoxy glucose. Many of us are familiar with the evaporated gold on carbon samples used as resolution standards on SEMs. But why isn't the gold a uniform film'? Why is it a set of clumpy little islands on the surface?
The answer lies in the relative stickiness of a gold atom on carbon versus gold on gold. When gold is evaporated onto carbon only a few atoms will stay for long on the carbon after they impact. However, if a gold atom hits another gold atom it encounters a strong attraction and stays put. Thus little islands of gold atoms begin to grow on the carbon surface. The bigger the island the more likely it is to capture additional gold. The growth of the film is stopped, before coverage is complete, producing a gold-on-the-carbon resolution standard -with its many islands of gold.
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